Objective-To determine whether non-mydriatic Polaroid retinal photography was comparable to ophthalmoscopy with mydriasis in routine clinic screening for early, treatable diabetic retinopathy.
Introduction
Despite the availability of effective treatment diabetic retinopathy remains the commonest cause of blindness among the working population of the United Kingdom. ' 2 The major problem remains that of identifying retinopathy before the onset of visual impairment as treatment at later stages is largely ineffective. 3 Retinal screening of all people with diabetes is therefore of great importance.
Several different methods of screening are in current use: ophthalmoscopy by consultants or junior physicians in the setting ofa diabetic clinic is the most widely used method3; systems of liaison with ophthalmic opticians have been set up in some districts. 4 Referral to an ophthalmologist is an expensive option which is not feasible owing to the large numbers of people with diabetes.' The recent introduction of retinal cameras able to photograph the retina through undilated pupils was initially hailed as a useful method of screening, and several small studies showed its applicability.6`' The use of non-mydriatic cameras for screening, however, has been subject to much criticism, and an impression of controversy has been created.'0 Any controversy may be more apparent than real as the protagonists have been arguing about practical usefulness of the technique for screening67 whereas the antagonists have been arguing about poor performance compared with the gold standard technique of fluorescein angiography. 9 10 Screening techniques cannot be expected to perform as well as detailed investigative techniques but may appropriately be compared with each other. There was therefore a need for a single clearly defined question to be answered before non-mydriatic retinal photography could be accepted as a screening tool: Is non-mydriatic retinal photography as good as ophthalmoscopy with mydriasis when performed in the setting of a routine clinic?
To answer this question in a generally applicable manner it was necessary to perform the comparison in a large number of patients in more than one clinic. A mobile camera unit was designed and used to evaluate screening methods in three clinics in district general hospitals and three in teaching hospitals over two years. (figure) . No specific training in funduscopy was given. Biochemical data were entered on to the form as soon as they were available, and the form was collected by the photographer.
Patients and methods

PATIENTS
The retinal photographs were not seen by staff in the clinic but were retained in the screening unit. They were subsequently reported in batches by one of three consultant physicians using a similar proforma to that in the figure but including scores for "poor film" and "macula not visualised." A poor film was defined as one in which the entire area of retina photographed could not be clearly seen and macula not seen as a film in which the area within one disc diameter of the macula lacked clarity. The second category was adopted as films taken through a constricted pupil tend to exhibit a characteristic darkness around the macula.
Criteria for referral were agreed with the local ophthalmologists as: (a) presence of new vessels; (b) preproliferative retinopathy; (c) exudative maculopathy; and (d) presence of lesions within one disc diameter of the macula.
CONSISTENCY OF REPORTING OF FILMS
In a preliminary exercise 30 films were reported by all three observers. Counts of haemorrhages and hard exudates agreed to within five lesions in 23 and 22 cases respectively, but one observer consistently reported more microaneurysms. Of three cases of maculopathy, one was correctly classified by all observers and two were identified by two observers. This exercise allowed agreement on definition and terminology. To allow assessment of observer consistency during the last 12 months of reporting of the films in the study eight unmarked "quality control" films were inserted into batches for reporting on five occasions each per observer. The mean intraobserver consistency of counting lesions to within one band (<1, 2-5, 6-10, 11-20, and >21) was 89-2% for haemorrhages, 90 8% for hard exudates, and 80-0% for microaneurysms. When records. In those patients in whom potentially serious retinopathy had been identified by camera screening but had been missed clinically the consultant concerned was notified to allow the patient to be referred. The (10 0%) were reported as poor, of which 93 (2 2%) were associated with cataracts and 196 (4 5%) with small pupils. The presence of small pupils was scored by the operator before photography, and hence these poor films were potentially avoidable, leaving 5 5% as unavoidable poor films. Two hundred and eight films were scored as macula not seen, 21 of which were associated with cataracts and only 61 of which with small pupils. This appearance was seen predominantly (71%) in right eyes, reflecting the unplanned tendency to phQtograph left eyes first and hence the residual consensual response in the other eye. Judgment of when the consensual response had faded adequately was thus less easy than had been predicted. Small pupils were scored only before any photography and hence were not reported as effects of consensual pupillary constriction.
Discussion
The results of this study indicate that non-mydriatic Polaroid retinal photography is at least as good as funduscopy with mydriasis performed under routine diabetic clinic conditions in detecting new vessel formation. It is superior in detecting maculopathy. These conclusions were reached despite the doctors in the clinic knowing that their performance was being evaluated and despite the photographs being assessed in large batches as an extra late evening duty by the three observers. However, non-mydriatic photography cannot be assumed to be automatically superior as it is dependent upon the skill of the camera operator. It is a simple matter to take correctly aligned, focused retinal photographs of a normal eye, but experience is required to deal with cataracts, disordered fundi, and people less able to comply with instructions. The proportion of technically poor films in this study was lower than the 17 3% reported by Jones et al, and this may reflect their use of several photographers without a special interest in retinal screening.' In routine practice, now that the study has been completed, the number of poor films has been halved because of use of mydriatic drops before photography if pupils are noted to be too small by the camera operator. In addition, analysis of data from the study showed a need for particular care in allowing the consensual response to fade completely, and the number of films exhibiting a shadow in the region of the macula has subsequently fallen. In our current practice use of a short acting mydriatic (tropicamide) is indicated only in about 5% of patients. Although routine mydriasis may be argued to produce better photographs, the use of such eye drops is not popular with patients, especially those who will return to work after being screened.
The relatively poor performance of all grades of doctor in detecting maculopathy is interesting and was noted in other studies.3 Only 49 eyes were treated for maculopathy as a result of ophthalmoscopy whereas 70 were treated as a result of photography. This difference is all the more striking as for some eyes reported as exhibiting maculopathy a referral for an ophthalmological opinion was not made, maculopathy not being an outcome parameter in the original protocol. The macular region is sometimes difficult to examine adequately by ophthalmoscopy because of reflection of light and discomfort in the patient. In addition, lesions lateral to the macula may be missed because the examiner's head needs to move across the subject's face, disturbing visual fixation. The underreporting of hard exudates by ophthalmoscopy is probably related to this as these lesions typically occur in the posterior pole of the eye. Qualitative inspection of the diagrams sketched by the doctors in the clinic suggested that the excess of haemorrhages and microaneurysms reported by ophthalmoscopy was a consequence offull examination of the retina nasal to the optic disc, a characteristic site for these lesions. It seems likely that many doctors regard the optic disc as the anatomical centre of the retina and use it as a reference point in quartering the retina in the search for lesions. This carries the inevitable consequence that the retina lateral to the macula (one half of the total retinal area) will be examined poorly.
Analysis For a limited period before the study started and after it finished an evaluation of the impact of availability of Polaroid photographs in the clinic was possible. The educational effect for both junior staff and senior staff of seeing the disposition of lesions missed by initial ophthalmoscopy was considerable. Teaching of ophthalmoscopy to medical students in the clinic was revolutionised. In some patients reassurance was provided by showing the actual appearance of lesions previously imagined to be worse whereas in others the vital importance of need for specific treatment or tighter control was graphically clarified. The utility of a photographic record of previous retinal appearances in the clinical notes was greater than expected, allowing a more confident decision to refer or not. The darker, pigmented fundi of Indian patients were shown to be examinable by non-mydriatic photography just as effectively as in white patients. 4 The cost of this method of screening for and recording diabetic retinopathy must be considered. The Polaroid film alone costs about £1 per pair of eyes. Depreciation on the capital cost of the camera (£10 500 over six years); salaries of the camera operator and the driver; and vehicle maintenance, insurance, and petrol costs must be taken into account. If a modest weekly throughput of 150 patients and a 48 week year is assumed the total cost per patient is £2.92. Use of Polaroid retinal photography is often discussed in relation to screening by ophthalmic opticians. The cost to the Department of Health is £10 for screening by an ophthalmic optician. Assessment of the cost of screening in the hospital clinic must take account of the time necessary to perform comprehensive funduscopy with mydriasis and of maintaining adequate darkroom facilities. Limitation of time and facilities has fuelled the search for alternative methods of screening.
In conclusion, non-mydriatic retinal photography is as good as funduscopy with mydriasis in routine clinics in detecting new vessel formation but is superior in detecting maculopathy. The educational effect and audit function of having Polaroid photographs available in the clinic make the technique particularly useful for centres concerned with postgraduate and undergraduate training. Non-mydriatic retinal photography may be used purely as a screening technique by doctors who do not perform ophthalmoscopy often enough to maintain the skill, such as those in general practice. However, these conclusions apply only when the technique is used by a trained operator.
